Ilillllliilillllllilllliliilllil 

(11) EP 1 295 770 A2 

(1 2) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51) intci7: B60T 13/52 

26.03.2003 Bulletin 2003/13 

(21) Application number 02256284.7 



(22) Date of filing: 1 1 .09.2002 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Takasaki, Yoshiyasu 


IE IT LI LU MC NL PT SE SK TR 


HIgashlmatsuyama-Shi, Saitama-Ken (JP) 


Designated Extension States: 


• inoue, HIdefumi 


AL LT LV MK RO SI 


Higashimatsuyama-Shi, Sallama-Ken (JP) 


(30) Priority: 25.09.2001 JP 2001290488 


(74) Representative: Sanderson, Michael John et al 




Mewburn Ellis, 


(71) Applicant: Bosch Automotive Systems 


York House, 


Corporation 


23 Kingsway 


Shibuya-ku Tokyo 150-8360 (JP) 


London WC2B 6HP (GB) 



(54) Brake booster 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(57) During a normal brake operation, a brake reac- 
tion from a reaction disc (12) is transmitted to a valve 
plunger (15) through an outer plunger (17) and an inner 
plunger (18); during 

an emergency brake operation, as a valve plunger 
(15) Is driven fonvard through a given stroke relative to 
a valve body (3), a tubular member (24) retracts relative 
to the valve body (3); in a servo balance condition which 
is reached subsequently, the valve plunger (15) retracts 



by an amount corresponding to the retraction of the tu- 
bular member (24), and the outer plunger (17) abuts 
against a holder (13); a brake reaction from the reaction 
disc (12) Is transmitted to the valve plunger (15) only 
through the inner plunger (1 8), allowing a booster ratio 
to be greater and a jumping quantity to be greater than 
during, a normal brake operation, whereby it 

is possible to increase an output from a brake 
booster (1 ) rapidly in immediate response to a quick de- 
pression of a brake pedal. 
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Description 

[0001 ] The present invention relates to a brake boost- 
er, and more particularly, to a brake booster which al- 
lows an Increased output to be obtained in a reliable s 
manner when a force of depression of a reduced mag- 
nitude is applied to a brake pedal, as would be required 
in an emergency brake which requires a braking effort 
of an increased magnitude. 

[0002] A brake booster is known in the art which al- io 
lows an output of an increased magnitude to be obtained 
in response to a small force of depression applied to a 
brake pedal as in an emergency brake where a braking 
effort of an increased magnitude Is required. 
[0003] Conventional prior art proposed in the art for a is 
brake booster which functions in this manner comprises 
either a scheme in which a jumping quantity, which Is a 
rise in the output at the commencement of actuation, is 
increased to provide an output of an increased magni- 
tude, or a scheme in which a booster ratio is increased ^ 
to provide an output of an increased magnitude. 
[0004] In the prior art practice, either one of the de- 
scribed schemes has been used to provide an output of 
increased magnitude during an emergency brake oper- 
ation, but there has been a need for a brake booster 25 
which provides an increased rise in the output during 
the emergency brake operation by combining the both 
schemes. 

[0005] It would be desirable to be able to provide a 
booster which is simple in construction and which is ca- 30 
pable of increasing the output in immediate response to 
a quick depression of a brake pedal. 
[0006] Specifically, the present invention relates to a 
brake booster comprising a valve body slidabiy dis- 
posed within a shell, a power piston mounted on the 35 
valve body, a constant pressure chamber and a variable 
pressure chamber defined forwardly and rearwardly of 
the power piston within the shell, a valve mechanism 
disposed within the valve body and which switchably 
controls the supply to or discharge from the variable 40 
pressure chamber of a fluid, an input shaft for operating 
the valve mechanism, and a reaction transmitting mech- 
anism for transmitting a brake reaction which acts on an 
output shaft to the input shaft through the valve mech- 
anism, the valve mechanism including a valve plunger 45 
connected to the input shaft and having an atmosphere 
valve seat, a first vacuum seat fomried on the valve body, 
and a valve element which is adapted to be seated upon 
the atmosphere valve seat and the first vacuum valve 
seat. In accordance with the present invention, the so 
brake booster further comprises a tubular member slid- 
abiy mounted on the valve body and having a second 
vacuum valve seat which is juxtaposed with the first vac- 
uum valve seat, an inoperative position retaining mech- 
anism for retaining the tubular member at its most ad- ss 
vanced position relative to the valve body when the 
booster is not actuated, and an operating mechanism 
for releasing the retention of the tubular member by the 



inoperative position retaining mechanism to allow it to 
retract relative to the valve body so that the second vac- 
uum valve seat can be seated upon the valve element 
when the input shaft has moved forward through a given 
stroke relative to the valve body from Its inoperative po- 
sition, said reaction transmitting mechanism being ar- 
ranged such that during a nonnal brake operation where 
the tubular member assumes its most advanced posi- 
tion relative to the valve body, it transmits a brake reac- 
tion to the valve plunger through a first reaction trans- 
mission path having a small booster ratio while during 
an emergency brake operation where the tubular mem- 
ber has retracted through a given stroke relative to the 
valve body, it transmits a brake reaction to the valve 
plunger through a second reaction transmission path 
having a greater booster ratio. 

[0007] With the described arrangement, during the 
emergency brake operation where the brake pedal is 
quickly depressed, the operating mechanism releases 
the tubular member from the retention relative to the 
valve body, whereby the tubular member retracts rear- 
ward relative to the valve body to allow the second vac- 
uum valve seat to be seated on the valve element. As 
a consequence, a separation between the atmosphere 
valve seat and the valve element, or the amount by 
which the atmosphere valve Is opened increases. Con- 
sequently, the atmosphere is rapidly introduced into the 
variable pressure chamber through the atmosphere 
valve, allowing the output from the brake booster to rise 
rapidly. In a servo balance condition which is reached 
subsequently, the valve plunger retracts through an in- 
creased stroke relative to the valve body than during a 
normal brake operation, thus providing a grater jumping 
quantity than during a normal brake operation. At the 
same time, the brake reaction is transmitted to the valve 
plunger through the second reaction transmission path, 
whereby the output rises with a greater booster ratio 
than during the normal brake operation. In this manner, 
it is possible to increase the output from the brake boost- 
er in immediate response to a quick depression of a 
brake pedal. In other words, there is provided a brake 
booster which meets the need of the prior art with a sim- 
ple construction. 

[0008] The present invention will become apparent 
from the following description of an embodiment thereof 
with reference to the attached drawings of which: 

Fig. 1 is a cross section of an embodiment of the 
present invention; 

Fig. 2 is cross section, to an enlarged scale, of an 
essential part shown in Fig.1 ; 
Fig. 3 is a schematic cross section illustrating a nor- 
mal brake operation of the brake booster shown in 
Fig. 1; 

Fig. 4 is a schematic cross section illustrating an 
emergency brake operation of the brake booster 
shown in Fig. 1; and 

Fig. 5 graphically shows an input-output response 
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of the brake booster shown In Fig. 1 , 

[0009] The present invention will now be described 
with reference to the embodlnnent shown in the draw- 
ings. In Figs. 1 and 2, a brake booster 1 includes a shell 

2 in which a substantially tubular valve body 3 is slidably 
mounted. Around the outer periphery, the rear end of 
the valve body 3 projects externally through a rear open- 
ing 2a formed in the shell 2 while an annular seal mem- 
ber 4 disposed inside the opening 2a maintains a her- 
metic seal between the outerperiphery of the valve body 

3 toward the rear end and the opening 2a in the shell 2. 
[0010] A power piston 5 is connected to the outer pe- 
riphery of the valve body 3, and a diaphragm 6 Is applied 
to the back surface of the power piston 5, thus defining 
a fonwardly located constant pressure chamber A and a 
reanArardly located variable pressure chamber B within 
the shell 2. The shell 2 has a front wall 2b. to which a 
tubing 7 is connected for introducing a negative pres- 
sure, whereby a negative pressure is normally intro- 
duced into the constant pressure chamber A through the 
tubing 7. A return spring 8 is disposed within the con- 
stant pressure chamber A to urge the valve body 3 rear- 
ward normally. Accordingly, in the inoperative condition 
of the brake booster 1 shown in Figs. 1 and 2, the valve 
body 3 which is urged by the retum spring 8 remains at 
rest in its Inoperative position shown. 

[0011] It is to be noted that a housing for a master 
cylinder, not shown, is fitted into an opening in the front 
wall 2b of the shell 2, and an output shaft 11 which 
projects through this opening is engaged with the piston 
of the master cylinder 

[0012] At its front end, the Inner periphery of the valve 
body 3 is formed with an annular projection 3a, the outer 
periphery of which is slidably fitted into a recess 1 1 a 
formed in the base of the output shaft 11 . The recess 
11a of the output shaft 11 contains a reaction disc 12. 
[0013] At its front end, the inner periphery of the an- 
nular projection 3a from the valve body 3 is formed with 
an annular recess 3a* which is continuous circumferen- 
tially and in which a holder 13 is fitted. The holder 13 is 
substantially cup-shaped and has a front end which is 
formed with a flange 13a. At its rear end, the holder 13 
is formed with a stop 13b which extends radially inward, 
and the holder is also formed with an annular groove 
13c of a given depth and width at a location rearward of 
the flange 13a. 

[001 4] The rear portion of the holder 1 3 is inserted in- 
side the annular projection 3a on the valve body 3, and 
the flange 13a of the holder 13 is fitted into the annular 
recess 3a' while maintaining a hermetic seal therebe- 
tween. It is to be understood that the holder 1 3 substan- 
tially forms part of the valve body 3. 
[001 5] The holder 3 which is fitted inside the annular 
projection 3a in this manner is sized so that its front end 
face or the front end face of the flange 1 3a is flush with 
the end face of the annular projection 3a. The reaction 
disc 12 is held sandwiched between the end faces of 



these both members and the bottom of the recess 11a 
formed in the output shaft 11 , 

[0016] A plunger member: 14 is slidably fitted in the 
inner periphery of the holder 1 3, and is disposed in abut- 
5 ment against the distal end of a valve plunger 1 5 which 
will be described later. When the brake booster 1 is ac- 
tuated, a brake reaction which acts upon the output shaft 
11 is transmitted to a brake pedal, not shown, through 
the reaction disc 12, the plunger member 14 and the 
10 valve plunger 15 and an input shaft 16. 

[0017] In the present embodiment, the plunger mem- 
ber 1 4 comprises an outer plunger 1 7 whbh is cylindrical 
in configuration, and a solid cylindrical inner plunger 18 
which is slidably fitted into the inner periphery of the out- 
15 er plunger 1 7. 

[0018] The outer plunger 17 has an axial size which 
is by a given amount longer than the axial size of the 
inner plunger 18, and the inner periphery of the outer 
plunger 17 has a greater diameter toward its rear end 
20 and a smaller diameter toward the front end. 

[001 9] On the other hand, the Inner plunger 1 8 has a 
greater diameter at its rear end and a smaller diameter 
which is less than this greater diameter toward the front 
end. The portion of the inner plunger 18 having a smaller 
25 diameter has an axial size which is equal to the axial 
size of the portion of the outer plunger 1 7 having a small- 
er diameter, and the portion of the inner plunger 1 8 hav- 
ing the greater diameter has an axial size which is cho- 
sen to be on the order of one half the axial size of the 
30 portion of the outer plunger 1 7 having the greater diam- 
eter. 

[0020] The inner plunger 1 8 thus constmcted is slid- 
ably fitted Into the inner periphery of the outer plunger 
1 7 from the rear side, and under this condition, the outer 
periphery of the outer plunger 17 is slidably fitted into 
the inner periphery of the holder 13; thus maintaining 
the distal end of the valve plunger 15 in abutment 
against the rear end face of the inner plunger 18. Ac- 
cordingly, in the inoperative condition shown, the front 
end faces of the inner plunger 18 and the outer plunger 
1 7 are In a common plane, and are slightly spaced from 
the reaction disc 12. The rear end of the outer plunger 
1 7 is spaced from the stop 13b of the holder 13. 
[0021 ] When the brake pedal, not shown, is gently de- 
pressed in the inoperative condition shown in Figs. 1 
and 2. and the valve mechanism 21 to be described is 
operated to actuate the brake booster 1 , the reaction 
disc 12 is axially compressed by the braking reactton 
acting on the output shaft 11 . Accordingly, the rear end 
face of the reaction disc 12 bulges rearward to abut 
against the front end faces of the inner plunger 18 and 
the outer plunger 17. 

[0022] As the reaction disc 12 abuts against the 
plunger member 14, the latter moves rearward within 
the holder 13. However, during the normal actuation of 
the brake booster 1 , the rear end of the outer plunger 
17 cannot abut against the stop 13b of the holder 13 
(see Fig. 3). It is to be noted that the point in time when 
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the reaction disc 1 2 abuts against the front end faces of 
the inner piunger 18 and the outer plunger 17 is repre- 
sented by a jumping point JP1 shown in Fig. 5, and the 
brake reaction begins to be transmitted to a brake pedal, 
not shown, through the plunger member 14 (the Inner s 
plunger 18 and the outer plunger 17), the valve plunger 
1 5 and the input shaft 1 6 from this lime on. Subsequent- 
ly, the output rises with a given small booster ratio SRI 
which is detennined by the external diameter of the re- 
action disc 12 and the external diameter of the outer io 
plunger 1 7 (see Fig. 6). 

[0023] By contrast, during the emergency brake op- 
eration where the brake pedal Is quickly depressed to 
actuate the brake booster 1 . the quick depression of the 
brake pedal causes the valve plunger 15 and the input 
shaft 1 6 to be driven forward through a given stroke or 
more relative to the valve body 3 and the holder 13. In 
this Instance, when the servo balance condition Is sub- 
sequently reached, the valve plunger 15 will be driven 
rearward relative to the valve body 3 through a stroke 20 
which Is greater than a corresponding stroke which oc- 
curs during the normal brake operation. As a conse- 
quence, the reaction disc 12 is caused by the reaction 
from the output shaft 11 to bulge rearward to abut 
against the inner plunger 1 8 and the outer plunger 1 7 to 25 
move through a greater stroke rearwardly than during 
the normal operation, whereby the rear end of the outer 
plunger 17 abuts against the stop 13b of the holder 13 
(see Fig. 4). 

[0024] Thus, during the emergency brake operation, 3o 
the jumping quantity will increase by an amount con-e- 
sponding to an Increment in the rearward movement of 
the Inner plunger 18 and the outer plunger 1 7 as com- 
pared with such movement which occurs during the nor- 
mal operation, and thus assumes a jumping point JP2 35 
shown in Fig. 5. When the servo balance conditron is 
reached subsequently, the outer plunger 17 abuts 
against the holder 13, and accordingly, the reaction from 
the reaction disc 12 is transmitted to the valve plunger 
15 only through the inner plunger 1 8. As a consequence, 4o 
the output from the brake booster 1 rises with a greater 
booster ratio SR2 which is determined by the external 
diameter of the reaction disc 1 2 and the external diam- 
eter of the inner plunger 18 (see Fig. 5). 
[0025] As mentioned above, in the present embodi- 
ment, the plunger member 14 comprises the Inner 
plunger 1 8 and the outer plunger 17. and during the nor- 
mal brake operation, the reaction is transmitted to the 
valve plunger 15 through a first reaction transmission 
path including both the inner plunger 1 8 and the outer so 
plunger 1 7 and which exhibits a small booster ratio. On 
the other hand, during the emergency brake operation, 
the reaction is transmitted from the reaction disc 12 to 
the valve plunger 15 through a second reaction trans- 
mission path only including the inner plunger 18 and 55 
having a greater booster ratio. 

[0028] A valve mechanism 21 which switches a com- 
munication between the constant pressure chamber A 



and the variable pressure chamber B and between the 
variable pressure, chamber B and the atmosphere is 
contained in the valve body 3. 

[0027J The valve mechanism 21 comprises an annu- 
lar, first vacuum valve seat 22 formed around the Inner 
periphery of the valve body 3, a tubular member 24 sll- 
dably fitted into the inner periphery of the valve body 3 
while maintaining a hermetic seal therewith and having 
a rear end on which a second vacuum valve seat 23 is 
formed, the valve plunger 1 5 which is inserted inside the 
tubular member 24 and having an atmosphere valve 
seat 25 formed on a rear portion thereof , and a valve 
element 27 which is adapted to be seated on the both 
vacuum valve seats 22, 23 and the atmosphere valve 
seat 25 from the rear side under the resilience of a spring 
26. 

[0028] The valve element 27 comprises a cylindrical 
first member 31 whbh is forwardly located and which is 
formed of a rigid body, and a second member 32 which 
is located rearwardly and which is formed of rubber and 
connected to the first member 31 . An annular rubber is 
attached to the front side of the first member 31 to define 
a first seat SI . The second member 32 is provided with 
a piate 33 on its front side which is fomied of a rigid body, 
and an annular rubber piece applied to the plate 33 de- 
fines a second seat S2. The atmosphere valve seat 25 
formed on the valve plunger 15 is disposed inside the 
first member 31 so as to be disposed in opposing rela- 
tionship with the second seat S2. The spring 26 is dis- 
posed between the plate 33 and the input shaft 1 6. thus 
normally urging the valve element 27 forward. 
[0029] In the present embodiment, the both vacuum - 
valve seats 22, 23 are juxtaposed so as to be adjacent ' 
to each other radially of the valve body 3. A combination 
of the both vacuum valve seats 22, 23 and the first seat ' 
S1 of the valve element 27 which moves, into engage- ^ 
ment therewith or out of disengagement therefrom de- ■ 
fines a vacuum valve 34. A space located radially but- 
ward of the vacuum valve 34 communicates with the 
constant pressure chamber A through a constant pres- 
sure passage 35 formed in the valve body 3. 
[0030] Onthe other hand, a combination of the atmos- 
phere valve seat 25 formed on the valve plunger 1 5 and 
the second seat S2 of the valve element 27 which moves 
into engagement therewith or out of disengagement 
therefrom defines an atmosphere valve 36. A space lo- 
cated between the vacuum valve 34 and the atmos- " 
phere valve 36 communicates with the variable pres- 
sure chamber B through a radially extending variable 
pressure passage 37 whbh is formed in the valve body • 
3. 

[0031] A space located radially inward of the atmos- • 
phere valve 36 communicates with the atmosphere 
through an atmosphere passage 38 fomied in the valve 
body 3 and a filter 41 disposed therein. 
[0032] The axial portion of the valve plunger 15 is piv- 
otally connected with the distal end of the input shaft 16, 
and a spring 43 having a greater resilience than the 
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spring 26 is disposed between a retainer 42 fitted 
around the valve body 3 and the outer periphery of the 
input shaft 1 6. The other end of the input shaft 1 6 is con- 
nected to a brake pedal, not shown. 

[0033] A key member 44, which is known In itself, is s 
inserted into the variable pressure passage 37 in the 
valve body 3, and Is passed through a radial opening 
24a in the tubular member 24 and an opening in a tubu- 
lar resilient member 47, to be described later, before it 
is engaged with an engaging portion 15a of the valve io 
plunger 15. 

[0034] Because the valve body 3 is normally urged 
rearward by the return spring 8, in the inoperative con- 
dition of the brake booster 1 shown in Figs. 1 and 2, the 
key member 44 abuts against the rear wall 2c of the shell is 
2. The front end face of the variable pressure passage 
37 abuts against the key member 44, and a stepped end 
face 24b of an annular step 24e fomned on the tubular 
member 24 and a front end face of the engaging portion 
1 5a of the valve pi unger 1 5 abut against the key member 20 
44. 

[0035] When the key member 44 abuts against the 
rear wall 2c of the shell 2, the key member 44 and the 
valve plunger 15 are maintained at given axial positions 
relative to the valve body 3. In this manner, a lost motion 25 
of the input shaft 1 6 at the commencement of operation 
of the brake booster 1 Is reduced. 
[0036] In the inoperative condition, the second seat 
S2 of the valve element 27 is seated upon the atmos- 
phere valve seat 25 to close the atmosphere valve 36 30 
while the first seat SI of the valve element 27 is removed 
from the both vacuum valve seats 22, 23 to open the 
vacuum valve 34. Therefore, In this inoperative condi- 
tion, the chambers A and B communicate with each oth- 
er, and a negative pressure is introduced into the both 35 
chambers A and B. 

[0037] In this inoperative condition, the rear end face 
of the reaction disc 12 is slightly spaced from the front 
end face of the plunger member 14 which opposes 
thereto. By contrast, when the brake booster 1 is actu- 40 
ated and the input shaft 1 6 and the valve plunger 1 5 are 
driven forward, a reaction from the output which acts up- 
on the output shaft 11 causes the reaction disc 12 to 
bulge reanA/ard, whereby the end face of the reaction 
disc 1 2 abuts against the plunger member 1 4 (the front 45 
end faces of the inner plunger 18 and the outer plunger 
17). From this jumping point on, the reaction of the out- 
put acting upon the output shaft 11 begins to be trans- 
mitted to a brake pedal, not shown, through the reaction 
disc 12, the plunger member 14, the valve plunger 15 so 
and the input shaft 16 as mentioned previously. 
[0038] The tubular member 24 is fonned with a portion 
of a greater diameter around the outer periphery toward 
the rear end thereof, and a seal member 46 is mounted 
around the outer peripheral surface of the portion of the ss 
Increased diameter in order to maintain a hennetic seal 
between the inner periphery of the valve body 3 and the 
portion of the greater diameter of the tubular member 



24. 

[0039] At a location forwardly of the portion of the 
greater diameter, the outer periphery of the tubular 
member 24 has the tubular resilient member 47 fitted 
therearound. The rear end of the tubular resilient mem- 
ber 47 is formed as a radially outwardly extending flange 
.47a, whk:h is disposed in abutment against the portion 
of the tubular member 24 having the greater diameter 
from the front side thereof. A spring 48 is disposed be- 
tween the flange 47a which assumes such abutting po- 
sition and the opposing stepped end face of the valve 
body 3, thus normally urging the tubular member 24 and 
the tubular resilient member 47 rearward in an integral 
manner. 

[0040] An axially front end 47b of the tubular resilient 
member 47 is formed with a plurality of axially extending 
notches which are circumferentially spaced apart, and 
has a portion of an increased diameter at a location ax- 
ially rearward of these notches. In this manner, the front 
end 47b of the tubular resilient member 47 function as 
a leaf spring, which urges the front portion of the tubular 
member 44 radially Inward. 

[0041] At a given axial position, the tubular resilient 
member 47 is formed with an opening, which allows the 
key member 44 to pass therethrough. 
[0042] The tubular member 24 is fomr^ed of a synthetic 
resin, and a front end thereof Is formed with a plurality 
of axially extending notches which are circumferentially 
spaced apart. In this manner, a plurality of deformable 
portions 24c which undergo an elastk: deformation in a 
radial direction are formed as spaced apart in the cir- 
cumferential direction. These deformable portions 24c 
are urged radially inward by the front end 47b of the re- 
silient member 47. 

[0043] Each deformable portion 24c is formed with an 
engaging portion 24d which projects inward on the in- 
side of the front end thereof. The engaging portion 24d 
is fonned to be triangular In axial cross section, including 
a rear side which has a radially extending stepped end 
face and a front side which is fomied as a sloped surface 
having an angle of inclination of 45''. 
[0044] Each deformable portion 24c Is fitted around 
the outer periphery of the holder 1 3 from the rear side, 
and each engaging portion 24d is engaged with the an- 
nular groove 13c in the holder 13. Since the tubular 
member 24 is nomially urged rearward by the spring 48, 
the tubular member 24 stays at rest at a position where 
the stepped end face of the engaging portion 24d abuts 
against the rear end face of the annular groove 13c in 
the holder 1 3. This represents a condition of the tubular 
member 24 where it is maintained most forwardly rela- 
tive to the valve body 3. At this time, the second vacuum 
valve seat 23 fomned on the rear end of the tubular mem- 
ber 24 is located slightly forward of the first vacuum 
valve seat 22 which Is located adjacent thereto and ra- 
dially outward thereof. In the present embodiment, a 
combination of the annular groove 1 3c in the holder 13, 
the deformable portion 24c and the engaging portion 
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24d of the tubular member 24 and the tubular resilient 
member 47 constitutes together an inoperative position 
retaining mechanism 51 which retains the tubular mem- 
ber 24 at its inoperative position where it is located most 
forward relative to the valve body 3. s 
[0045] An annular step 24e of the tubular member 24 
has an inner peripheral surface which has a reduced di- 
ameter toward the front end and which has an Increased 
diameter toward the rear end, with a boundary therebe- 
tween being formed as a tapered surface 24f which in- io 
creases its diameter toward its rear side. 
[0046] In the present embodiment, the valve plunger 
15 includes a foremost portion 15b of a reduced diam- 
eter, followed by a portion of a medium diameter which 
is located rearward thereof. An annular groove is formed is 
in the outer periphery of the portion of the medium di- 
ameter to define the engaging portion 15a. The rear end 
of the valve plunger 15 is formed as a flange which ex- 
tends radially outward and the rear end face of which is 
formed as the atmosphere valve seat 25. It will be noted 20 
that toward the front end, the portion of the medium di- 
ameter is fonned with a tapered surface 15c which in- 
creases its diameter toward the rearside. 
[0047] In the axial portion of the rear end, the valve 
plunger 15 is fomied with a bottomed opening, into 25 
which the distal end of the Input shaft 16 is fitted for piv- 
otal connection. The valve plunger 1 5 constructed in the 
manner mentioned above is inserted into the tubular 
member 24 from the rear side, the foremost portion 1 5b 
of the reduced diameter is slidably extended through the 30 
inner periphery of the stop 13b of the holder 13, and the 
front end face of the foremost portion 1 5b of the reduced 
diameter Is disposed In abutment against the inner 
plunger 1 8 of the plunger member 1 4. 
[0046] As will be described later, during the normal 35 
brake operation, the Input shaft 16 and the valve plunger 
15 undergo a forward movement through a stroke which 
is less than the given stroke relative to the valve body 
3. and accordingly, the tapered surface 15c of the valve 
plunger 1 5 does not abut against the tapered surface 40 
24f of the tubular member 24. Consequently, the de- 
formable portions 24c of the tubular member 24 cannot 
be expanded in diameter, and the engaging portions 24d 
rennain engaged, with the annular groove 13c. Conse- 
quently, the tubular member 24 is maintained in its in- 45 
operative position where it Is located foremost relative 
to the valve body 3 (see Fig. 3). 
[0049] By contrast, during the emergency brake op- 
eration where the brake pedal is quickly depressed, the 
input shaft 16 and the valve plunger 15 are driven for- so 
v/ard through an increased stroke relative to the valve 
body 3, as compared to the stroke which occurs during 
the normal brake operation, and accordingly, the ta- 
pered surface 1 5c of the valve plunger 1 5 abuts against 
tie tapered surface 24f of the tubular member 24, thus 55 
causing the deformable portions 24c of the tubular 
member 24 to be expanded in diameter. As a conse- 
Guence, the engaging portions 24d are disengaged from 



the annular groove 13c, thus releasing the connection 
of the tubular member 24 with the valve body 3. Con- 
comitantly, the tubular member 24 as urged by the 
spring 48 retracts reanArard relative to the valve body 3. 
The second vacuum valve seat 23 fornied on the tubular 
member 24 then abuts against the first seat SI of the 
valve element 27, causing the valve element 27 to re- 
tract rearward. The tubular member 24 comes to a stop 
when the stepped end face 24b thereof abuts against 
the key member 44 which in turn abuts against the rear 
end face of the variable pressure passage 37 and is 
maintained at such position. As a consequence, the 
opening to which the atmosphere valve 36 comprising 
the atmosphere valve seat 25 and the second seat S2 
opens becomes greater than the opening which occurs 
during the nonnal brake operation. In addition, at the 
servo balance condition which is reached subsequently, 
the valve plunger 15 will be moved reannrard relative to 
the valve body 3 and the holder 1 3 through an increased 
stroke as compared with a stroke which occurs during 
the normal brake operation, by an amount by which the 
valve element 27 is driven rearward by the tubular mem- 
ber 24. Consequently, the plunger member 14 which 
abuts against the reaction disc 12 and is driven back 
thereby and the valve plunger 1 5 will be moved rearward 
relative to the valve body 3 and the holder 13, and the 
outer plunger 1 7 abuts against the radial portion 24a of 
the holder 13. In otherwords, the brake reaction is trans- 
mitted to the valve plunger 1 5 from the roaction disc 1 2 
only through the inner plunger 18. 
[0050] It will be understood from the foregoing de- 
scription that in the present embodiment, an operating 
mechanism 52 is formed by the tapered surface 24f of 
the tubular member 24, the tapered surface 1 5c of the 
valve plunger 15 and the spring 48, and the operating 
mechanism 52 serves releasing the tubular member 24 
which has been retained in its inoperative position 
where it is located foremost relative to the valve body 3 
by the action of the inoperative position retaining mech- 
anism 51 , allowing the tubular member 24 to move rear- 
ward relative to the valve body 3. 
[0051] When the operating mechanism 52 releases 
the retention by the inoperative position retaining mech- 
anism 51 and allows the tubular member 24 to move 
reanward relative to the valve body 3. the retracting end 
of the tubular member 24 relative to the valve 3 is de- 
fined by the key member 44, the stepped end face 24b 
of the tubular member 24 and the variable pressure pas- 
sage 37. Thus it will be seen that the key member 44, 
the stepped end face 24b of the tubular member 24 and 
the variable pressure passage 37 form together a re- 
stricting mechanism 53 whteh restricts the rearward ro- 
tractlng position of the tubular member 24 and retains it 
at its retracted position. 

[0052] With the described arrangement, in the inop- 
erative condition of the brake booster 1 shown in Figs. 
1 and 2, the engaging portion 15a of the valve plunger 
15 abuts against the key member 44 which is in abut- 
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ment against the rear wall 2c of the shell 2, whereby the 
valve plunger 1 5 Is located at Its retracted end which Is 
reamnost In the shell 2. At this time, the tubular member 
24 Is also located at its retracted end where the stepped 
end face 24b abuts against the key member 44. The ta- 
pered surface 15c of the valve plunger 15 is located 
rearward of and opposes the tapered surface 24f of the 
tubular member 24 at this time, and a clearance is main- 
tained therebetween. 

[0053] In the inoperative condition, the second seat 
S2 of the valve element 27 is seated upon the atmos- 
phere valve seat 25 to close the atmosphere valve 36. 
The engaging portions 24d of the tubular member 24 
are engaged with the annular groove 13c In the holder 
13. In other words, the tubular member 24 is retained at 
its advanced position relative to the valve body 3 by 
means of the inoperative position retaining mechanism 
51. Accordingly, the second vacuum valve seat 23 
formed on the tubular member 24 is located slightly for- 
ward of the first vacuum valve seat 22. and the both vac- -2 
uum valve seats 22, 23 are removed from the first seat 
SI of the valve element 27 to open the vacuum valve 
34. Thus, the chambers A and B communicate with each 
other, and a negative pressure is introduced into the 
both chambers A and B. In this inoperative condition, 2. 
the rear end face of the reaction disc 12 is slightly 
spaced from the plunger member 14 (the inner plunger 
1 8 and the outer plunger 1 7). The rear end face of the 
outer plunger 17 of the plunger member 14 is spaced 
form the stop 1 3b of the holder 13. 3, 

During normal, gentle brake operation 

[0054] When the brake pedal, not shown, Is gently de- 
pressed in the inoperative condition, the input shaft 16 3f 
and the valve plunger 15 are gently driven forward in 
response thereto. During the nomial. gentle depression 
of the brake pedal, the valve plunger 1 5 Is driven forward 
through less than a given stroke relative to the valve 
body 3 and the holder 1 3. and accordingly, the tapered 40 
surface 16c of the valve plunger 16 approaches, but 
does not abut against the tapered surface 24f of the tu- 
bular member 24. Hence, the defonnable portions 24c 
of the tubular member 24 cannot be deformed radially 
outward, and the engaging portions 24d remain en- 45 
gaged with the annular groove 13c in the holder 13. 
Thus, the tubular member 24 Is retained to be connected 
at its advanced position relative to the valve body 3 by 
the inoperative position retaining mechanism 51 . 
[0055] Accordingly, the positional relationship be- so 
tween the both valve seats 22. 23 remains unchanged 
from the inoperative condition shown in Fig. 2. The first 
seat SI of the valve element 27 is seated upon the first 
vacuum valve seat 22 which assumes such condition 
while the atmosphere valve seat 25 is removed from the ss 
second seat 32 of the valve element 27 to open the at- 
mosphere valve 36. 

[0056] When the vacuum valve 34 is closed while the 



atmosphere valve 36 is opened in this manner, the at- 
mosphere is introduced into the variable pressure 
chamber B through the variable pressure passage 37, 
Accordingly, the valve body 3 and the like are driven for- 
5 ward to actuate the brake booster 1 . 

[0057] The brake reaction from the output shaft com- 
presses the reaction disc 12, the rear end face of which 
bulges to abut against the plunger member 14, thus 
slightly driving it reanward within the holder 13. However, 
the rearendof the outer plunger 17 of the plunger mem- 
ber 1 4 does not abut against the stop 13b of the holder 
13 (see Fig, 3), 

[0058] Accordingly, the jumping point is represented 
by the point JP1 shown in Fig. 5 where the reaction disc 

's 12 abuts against the plunger member 14, and from this 
time on, the brake reaction begins to be transmitted to 
the brake pedal, not shown through the valve plunger 
1 5 and the input shaft 1 6. Since the rear end of the outer 
plunger 17 does not abut against the stop 13b of the 

0 holder 13 as mentioned above, the brake reaction is 
transmitted to the valve plunger 15 from the reaction 
disc 12 through both the inner plunger 18 and the outer 
plunger 1 7. Subsequent to the jumping point JP1 where 
the reaction begins to be transmitted to the brake pedal, 

> the output rises with a servo ratio indicated by SRI , as 
shown in Fig. 5. 

[0059] In this manner, when the brake booster 1 is ac- 
tuated by a normal, gentle depression of the brake ped- 
al, the tubular member 24 is retained at its inoperative 
' position where it is located foremost relative to the valve 
body 15 by the inoperative position retaining mecha- 
nism 51. 

[0060] If the brake pedal is now released after the 
brake booster has one been actuated, the valve plunger 
16 and the input shaft 16 retract reanward. and the key 
member 44 abuts against the wall 2c of the shell 2 and 
comes to a stop. Subsequently, the front end face of the 
engaging portion 15a of the valve plunger 15 comes to 
a stop upon abutment against the key member 44. and 
thereafter, the front end face of the variable pressure 
passage 37 of the valve body 3 and the stepped end 
face 24b of the tubular member 24 come to a stop by 
abutment against the key member 44. Accordingly, the 
valve body 3 and the tubular member 24 also return to 
their inoperative positions shown. The plunger member 
14 and the reaction disc 12 also return to their inopera- 
tive positions. 

During emergency brake operation 

[0061] When the brake pedal is quickly depressed in 
the inoperative condition shown in Figs. 1 and 2, the 
valve plunger 15 and the input shaft 1 6 are driven more 
than through a given stroke forwardly relative to the 
valve body 3 and the holder 13. 

[0062] Accordingly, the first seat SI of the valve ele- 
ment 27 is initially seated upon the first vacuum valve 
seat 1 7 to close the vacuum valve 34 while the atmos- 
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phere valve seat 25 is removed from the second seat 
S2 of the valve element 27 to open the atmosphere 
valve 36. The tapered surface 15c of the valve plunger 
15 abuts against the tapered surface 24f of the tubular 
member 24 and continues to be driven forward, whereby s 
the deformable portions 24c of the tubular member 24 
are expanded in diameter, whereby the engaging por- 
tions 24d are disengaged from the annular groove 13c. 
[0063] Accordingly, the tubular member 24 which is 
urged rearward by the spring 48 retracts rearward rela- 
live to the valve body 3 and the holder 13. and the sec- 
ond vacuum valve seat 23 becomes seated upon the 
first seat SI of the valve seat 27, causing the valve el- 
ement 27 to retract rearward (see Fig. 4). The stepped 
end face 24b of the tubular member 24 abuts against is 
the key member 44, and ceases to retract at the position 
where the key member 44 abuts against the rear end 
face of the variable pressure passage 37, and thus is 
retained at such position. 

[0064] In this manner, a greater separation is 20 
achieved between the atmosphere valve seat 25 and 
the second seat S2, and accordingly, the atmosphere 
valve 36 which is defined by these members are main- 
tained to a greater opening than during the normal brake 
operation. Accordingly, the atmosphere is rapidly Intro- 25 
duced Into the variable pressure chamber B, allowing 
the brake booster 1 to generate an output of an in- 
creased magnitude rapidly. 

[0065] When the servo balanced condition is reached 
subsequently, the vacuum valve 34 and the atmosphere so 
valve 36 are both closed, and therefore it will be seen 
the valve plunger 15 has been moved more reanvard 
relative to the valve body 3 than during the normal brake 
operation in a manner corresponding to the amount by 
which the valve element 27 has been driven reanward 35 
by the tubular member 24. Accordingly, the brake reac- 
tion from the output shaft 1 1 causes the rear end face 
of the reaction disc 12 to abut against the inner.plunger 
18 and the outer plunger 17, both of which are driven 
rearward within the holder 13. whereby the rear end of 40 
the outer plunger 17 abuts against the stop 13b of the 
holder 13 (see Fig. 4). 

[0066] Thus it will be seen that during the emergency 
brake operation, the amount by which the reaction disc 
12 bulges rearward will be greater in a manner corre- 45 
spending to the increment in the rearward movement of 
the inner plunger 18 and the outer plunger 1 7 as com- 
pared with the rearward movement occurring during the 
normal brake operation, and accordingly, the jumping 
quantity will be greater than during the normal brake op- so 
eration, as indicated by point JP2 in Fig. 5. When the 
servo balance condition is reached subsequently, be- 
cause the outer plunger 17 abuts against the holder 13, 
the brake reaction from the reaction disc 12 is transmit- 
ted to the valve plunger 15 only through the inner plung- ss 
er 1 8, allowing the output to rise with the greater booster 
ration SR2 than during the normal brake operation. 
[0O67] When the brake pedal is released after the 



emergency brake operation, the input shaft 16 and the 
valve plunger 15 retract, and the key member 44 abuts 
against the wall 2c of the shell 2 and comes to a stop. 
As a consequence, the tubular member 24 and the valve 
plunger 15 return to their Inoperative positions shown, 
and the valve body 3 and the holder 13 retract in a re- 
tarded relationship thereto, and the valve body 3 comes 
to a stop and returns to its inoperative position when the 
front end face of the variable pressure passage 37 abuts 
against the key member 44. During this process, the tu- 
bular member 24 will be driven forward relative to the 
valve body 3, and accordingly, the sloped surface of the 
engaging portion 24d of the tubular member 24 is fitted 
into the periphery of the holder 13 toward its rear end 
before it slides forward ly whereupon the engaging por- 
tion 24d becomes engaged with the annular groove 13c 
formed in the holder 13, thus returning to the inoperative 
position shown in Fig. 2. Concomitantly, the inner plung- 
er 1 8 and the outer plunger 1 7 of the plunger member 
14 move f onward within the holder 13 to return to their 
inoperative positions shown in Fig. 2. 
[0068] As described above, with the present embod- 
iment, it is possible to open the atmosphere valve to a 
greater opening and to increase the jumping quantity 
and the booster ratio so as to allow an output of a greater 
magnitude to be obtained rapidly during the emergency 
brake operation, with an arrangement which is simple 
enough to add the tubular member 24, the holder 13, 
the plunger member 14 (the outer plunger 17 and the 
inner plunger 18) and the spring 48 to a conventional 
brake booster. 

[0069] In addition , by adjusting the size of the plunger 
member 1 4 (the outer plunger 1 7 and the Inner plunger 
18). the Jumping quantity and the booster ratio during 
the emergency brake operation can be suitably adjust- 
ed. 

[0070] It will be seen that the brake booster 1 of the 
present embodiment uses a reduced nun:iber of parts 
as compared with a conventional arrangement, and thus 
is simple in assembly and can be manufactured inex- 
pensively. 

[0071] In the present embodiment, the tubular mem- 
ber 24 is connected to the valve body 3 by the inopera- 
tive position retaining mechanism 51 during the normal 
brake operation while the tubular member 24 is main- 
tained at its retracted position relative to the valve body 
3 by the restricting mechanism 53 during the emergency ^ 
brake operation, thus contributing to stabilizing the 
jumping quantity and the booster ratto. It should be unr 
derstood that in the arrangement of the present inven- ^ 
tion, the reaction transmitting mechanism which in- • 
dudes the reaction disc 12, the holder 13, the outer, 
plunger 1 7 and the inner plunger 1 8 is not limited to the 
inoperative position retaining mechanism 51 and the op- 
erating mechanism 52 for the tubular member 24 of the 
present embodiment, but any arrangement can be used 
which allows the tubular member 24 to be maintained 
foremost relative to the valve body 3 during the normal 
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brake operation and to allow the tubular member 24 to 
be moved reanvard relative to the valve body 3 to cause 
the second vacuum valve seat 23 to be seated upon the 
valve element 31 during the emergency brake opera- 
tion. 5 
[0072] While the embodiment has been described 
above as applied to the brake booster 1 of a single type, 
it should be understood that the invention is equally ap- 
plicable to a tandem brake booster including two pairs 
of constant and variable pressure chambers or a brake io 
booster of triple type^ having three pairs of constant and 
variable pressure chambers. 



Claims is 

1 . A brake booster including a valve body slidably dis- 
posed within a shell, a power piston mounted on the 
valve body, a constant pressure chamber and a var- 
iable pressure chamber formed forwardly and rear- 20 
wardly, respectively, of the power piston within the 
shell, a valve mechanism disposed within the valve 
body for switchably controlling the supply to or dis- 
charge from the variable pressure chamber of a flu- 
id, an input shaft for operating the valve mecha- 25 
nism, and a reaction transmitting mechanism for 
transmitting a brake reaction from an output shaft 
to the input shaft through the valve mechanism, the 
valve mechanism including a valve plunger con- 
nected to the Input shaft and having an atmosphere 30 
valve seat thereon, a first vacuum valve seat fonnned 
on the valve body, and a valve element which can 
be seated upon the atmosphere valve seat and the 
first vacuum valve seat; 

the brake booster being characterised by: ss 

. a tubular member slidably mounted on the 
valve body, the tubular member being formed 
with a second vacuum valve seat which is jux- 
taposed with the first vacuum valve seat; 40 
an inoperative position retaining mechanism for 
retaining the tubular member at a position 
where it is located most advanced relative to 
the valve body when it is inoperative; 
and an operating mechanism for releasing the 
tubular member from the retention by the inop- 
erative position retaining mechanism andfor al- 
lowing the tubular member to retract relative to 
the valve body so that the second vacuum valve 
seat is seated upon the valve element when the so 
input shaft has been driven forward through a 
given stroke relative to the valve body from its 
inoperative position; 

the reaction transmitting mechanism being ar- 
ranged such that during a normal brake opera- ss 
tion where the tubular member assumes the 
position which is most advanced relative to the 
valve body, it transmit a brake reaction to the 



valve plunger through a first reaction transmis- 
sion path having a small booster ratio while dur- 
ing an emergency brake operation where the 
tubular member assumes a position in which it 
has retracted through a given stroked relative 
to the valve body, it transmits the brake reaction 
to the valve plunger through a second reaction 
transmission path having a greater booster ra- 
tio. 

-2. A brake booster according to Claim 1 in which the 
reaction transmitting mechanism comprises a reac- 
tion disc interposed between the output shaft and a 
front end face of the valve body, and a plunger mem- 
ber disposed between the reaction disc and the 
vah/e plunger, the plunger member comprising an 
inner plunger disposed for abutment against the 
valve plunger and an outer plunger slidably fitted 
around the outer periphery of the inner plunger, the 
an^angement being such that during a nomial brake 
operation where the tubular member is retained at 
its position in which it is most advanced relative to 
the valve body by the inoperative position retaining 
mechanism, the brake reaction is transmitted to the 
valve plunger through the first reaction transmission 
path including the reaction disc, the inner plunger, 
and the outer plunger while during an emergency 
brake operation where the tubular member is at its 
position which is retracted through a given stroke 
relative to the valve body, the brake reaction is 
transmitted to the valve plunger through the second 
reaction transmission path including the reaction 
disc and either one of the inner plunger and the out- 
er plunger. 

3. A brake booster according to Claim 1 or 2 in whfch 
the inoperative position retaining mechanism com- 
prises an elastic defomriation portion at the front end 
of the tubular member, an engaging portion dis- 
posed inside the elastic defomnation portion, and an 
engaging groove fonned in the valve body and en- 
gaged by the engaging portion, the tubular member 
being retained at its position in which it is most ad- 
vanced relative to the valve body by an engagement 
of the engaging portion with the engaging groove. 

4. A brake booster according to Claim 3 in which the 
operating mechanism comprises a step formed in- 
side the elastic deformation portion of the tubular 
member, a tapered portion on the outer periphery 
of the valve plunger, and a resilient member for urg- 
ing the tubular member rearward, the arrangement 
being such that when the valve plunger is driven for- 
ward through a given stroke relative to the valve 
body, the tapered portion of the valve plunger abuts 
against the step on the elastic defomiation portion 
to cause an elastk: deformation of the elastk: defor- 
mation portion radially outward to cause the engag- 
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ing portion to be disengaged from the engaging 
groove, whereby the tubular member as urged by 
the resilient member retracts relative to the valve 
body. 

A brake booster according to Claim 3 or 4 in which 
the inoperative position retaining mechanism com- 
prises a second resilient member which urges the 
elastic defomiation portion radially inward. 
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